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It is well established that the somitic mesoderm regulates early stages of neural crest development and
further segmentation of crest-derived peripheral ganglia. The possibility that neural crest progenitors feed
back on the somites was, however, not explored. Two recent studies provide evidence that the neural crest
regulates somite-derived myogenesis by distinct mechanisms.Prospectiveneural crest cells (NCCs) tran-
siently reside in the dorsal neural tube (NT)
as epithelial progenitors and then exit the
NT following an epithelial-to-mesen-
chymal conversion. In the trunk, NCCs
generate sympathetic ganglia, Schwann
cells, dorsal root sensory ganglia, and
melanocytes. Following emigration and
during migration, NCCs interact with the
paraxial mesoderm. They migrate be-
tween adjacent somites, between somites
and NT, ventral to the dermomyotome
(DM), and through the sclerotome. Migra-
tion through the last three pathways is
confined to the rostral domain of each
segment, prefiguring the metameric orga-
nization of the peripheral nervous system
(Gammill and Roffers-Agarwal, 2010; Le
Douarin and Kalcheim, 1999).
Extensive evidence documents that
these encounters between NCCs and
somites play a pivotal role in the develop-
ment of both partners. For instance, the
dorsal NT patterns the somite-derived
DM, influencing myogenesis (Figure 1A)
and subsequent formation of the dorsal
dermis (Marcelle et al., 1997, Sela-Donen-
feld and Kalcheim, 2002, and references
therein). Reciprocally, the medial lip of
the DM inhibits transcription of noggin in
the NT, which relieves repression of
BMP signaling activity, stimulating emi-
gration of NCCs (Figure 1B). Thus, the
timing of NCC delamination is regulated
by developing somites that serve as
substrates for their subsequent migration
(Sela-Donenfeld and Kalcheim, 2000).
In spite of these multiple interactions,
the notion that NCCs signal the adjacent
somites during migration in the trunk
was not explored before. In the head,NCCs pattern the cranial mesoderm
and, more specifically, affect migration
and differentiation of craniofacial muscles
(Rinon et al., 2007 and references therein).
Two recent studies by Rios et al. and Ho
et al. show that trunk NCCs also affect
development of the somite-derived DM
to regulate the balance between Pax7-
positive progenitors and differentiating
muscle. Common to both studies is the
finding that depletion of migrating NCCs
compromised myogenesis. The Marcelle
group (Rios et al., 2011) ablated NCCs
by electroporating chick embryos with
a DNA construct encoding diphteria toxin
under the regulation of the NCC-specific
Sox10 promoter; the Relaix group (Ho
et al., 2011) analyzed Sox10-deficient
mouse embryos. Each study then di-
verged to use a variety of other methods
to address distinct stages and domains
of the prospective myotome. Rios et al.
focused on early myogenesis derived
from the dorsomedial lip of the DM, while
Ho et al. addressed the central and hy-
paxial domains of the DM and of the
myotome itself.
In their work, the Marcelle team reports
the intriguing finding that progenitors of
the medial DM lip that activate Notch
signaling translocate into the myotome
and transit from a Pax7-positive to a
Myf5-positive state, followed by differen-
tiation into myocytes (Figure 1C). They
further report that this Notch activation is
driven by ‘‘en passant’’ NCCs that ex-
press the Delta1 ligand. Their most prom-
inent finding is that in order to triggermyo-
genesis at the expense of maintenance
of the progenitor state, Notch activation
should be transient, as constitutive acti-Developmental Cell 21vation of this pathway led progenitors to
leave the medial lip, yet they maintained
Pax7 and failed to differentiate. It would
be relevant to examine whether other
streams of migratory NCCs also express
Notch ligands, and if so, whether this
transient signaling affects additional
regions of the DM. Furthermore, it would
be interesting to determine whether tran-
sient Notch activation mediates NCC-
DM interactions also in other species.
This is particularly important because
Notch activity is generally associated
with maintenance of the progenitor state
at the expense of terminal differentiation,
in both embryonic and adult murine
muscles, and partial loss of Delta activity
results in muscle enlargement (see, for
example, Schuster-Gossler et al., 2007
and Vasyutina et al., 2007).
Genetic studies in the mouse per-
formed by the Relaix team (Ho et al.,
2011) highlighted the significance of
NCC-derived Neuregulin1 that, acting
primarily through the ErbB3 receptor,
regulates muscle development by main-
taining the Pax7 progenitor pool, thereby
preventing premature myogenic differen-
tiation (Figure 1C). To specifically atten-
uate certain aspects of NCC identity and
function, they expressed a dominant-
negative Pax3 transcription factor using
an NC-specific Wnt1-Cre driver. This al-
lowed direct targeting of dominant-nega-
tive Pax3 in trunk NCCs without affecting
other Pax3-expressing lineages, such as
the somites themselves. Under these
conditions, the authors monitored a 30%
reduction in NCCs in ventral domains,
a corresponding partial loss of Pax7-posi-
tive muscle progenitors in both the central, August 16, 2011 ª2011 Elsevier Inc. 187
Figure 1. Schematic Illustration of Selected NC-Somite Interactions
(A) The dorsal neural tube (NT) patterns the medial dermomyotome (DM).
NT-derived Bmp4 and Wnt1 signal the adjacent dorsal somite (S) to promote
medial identity, the development of the medial lip of the DM, and the expres-
sion of genes such as noggin and Wnt11.
(B) The medial lip of the nascent DM controls the timing of NCC delamination.
In the early dorsal NT, prior to the onset of NCC emigration, levels of Noggin are
high, thereby inhibiting the activity of BMP4 and NCC delamination. The form-
ing medial lip of the DM acts upon the dorsal NT (1) to inhibit local noggin tran-
scription, (2) thus relieving BMP4, which stimulates NCC emigration. Scl
denotes sclerotome.
(C) Migrating NCCs regulate myogenesis. Dorsally migrating NCCs (yellow)
meet the medial lip of the DM and signal through Delta1 to transiently activate
Notch in the DM; this results in
enhanced myogenesis at the ex-
pense of Pax7-positive progenitors
in the epithelium (Rios et al., 2011).
Ventrally migrating NCCs (red) fated
to become Schwann cells along
peripheral nerves (blue) and sympa-
thetic ganglia (SG) adjacent to the
dorsal aorta (DA) signal through
Nrg1/ErbB3 to the central and hy-
paxial DM and myotome (M, green)
to maintain the progenitor state
(Ho et al., 2011).
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and an increase in the ex-
pression of early markers of
the myogenic program, such
as MyoD. The authors con-
cluded that NCC defects
caused an exhaustion of the
Pax7+ progenitor pool, finally
leading to smaller muscles.
The authors went on to char-
acterize Neuregulin1 as a li-
gand expressed by NCCs
that partially accounts for
these effects: specific abla-
tion of Neuregulin1 in NCCs
results in somites with re-
duced size, depletion of
Pax7-positive progenitors,
and a concomitant upregula-
tion of MyoD. This is particu-
larly interesting because the
conditional Neuregulin1 mu-
tants had apparently normal
NCCs, uncoupling the devel-
opment of the NC from actual
NCC-derived signaling. Fur-
thermore, knocking down
the Neuregulin receptor
ErbB3, in somite explants, re-
capitulated a similar myo-
genic defect. In the future, it
would be valuable to better
characterize in the mouse
whether progenitors in the
different domains of the DM
respond similarly and com-
pare their responsiveness
with that of Pax7-expressing
precursors that already colo-
nized the myotome.
Taken together, these
results show that migrating
trunk NCCs regulate myo-
genesis. This is likely part
of a mechanism aimed at
coordinating the develop-
ment of two tightly interacting
systems, the peripheral ner-
vous system and that of mus-
cle. On the one hand, NCCs
provide promyogenic cues
(transient Delta1/Notch acti-
vation), and on the other,
they act on progenitor main-
tenance (via Neuregulin/
ErbB). It will be important to
further elaborate on this con-
cept by identifying additional
NCC-derived signals in sev-188 Developmental Cell 21, August 16, 2011 ª2011 Elsevier Inc.eral species, defining the pre-
cise myogenic progenitors
they affect, examining the
nature of their activities on
the balance between pro-
genitors and differentiated
cells, and analyzing whether
all NCCs express the same
battery of genes that affect
myogenesis, or alternatively,
whether NC-somite signaling
is compartmentalized in
space and time to distinct
NC subsets.
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